r 


AO-A077  426 


ARMY  INST  OF  DENTAL  RESEARCH  WASHINGTON  D  C  F/G  6/5 

LAbORATORY  OBSERVATIONS  ON  THE  BEHAVIOR  OF  COMPOSITE  DENTAL  RES— FTC(U) 
NOV  79  E  F  HUGET  .  S  G  VERMILYEA 


UNCLASSIFIED 


L 


7426 


ftscussi 


sec.":**1  Cl of  t«n  e»o*  n«»  »-«»*. «n 


REPORT  DOCUMENTATION  PAGE 


t  rrfi  of  seeos*  *  MnoD  covtsro 


Manuscript 


TLaboratory  Observations  on  the  Behavior  of 
!  Composite  Dental  Restoratives 


Eugene  F./lluget,  9ft  LImCsmM 
Stanley  G./Vermllyea,  MfUt  Limtsnan 


U.S.  Army  Institute  of  Dental  Research 
Walter  Reed  Armv  Medical  Center 


cost  soil  mo  o»r>v:*  »»*»«  *»o  *oos*M  S 

U.S.  Army  Medical  Research  and  Development  ( 
Command  V 

ATTN:  (SCRD-RP)  Fort  Detrlck,  Maryland  21701 

*6<*£v  NMI  >  »00««»VII 


T|iT«fC»»».»ic*Tioi,  oovNaasoiMO 
KxIDuil 


■  (  *  lOMOi  ( vimlmw*  ns  m »•« *•  if  «•<«(««?  •*<  h  Wsr*  numhs»l 

Dental  restorat Ives ,  composites,  mlcrofllled  composite  restoratives 
and  physical  properties. 


f  «||TRACt  fCsmiMms  mm  r*»s»ss  #<#•  »f  nvrMMm  mm*  Mr  Ws«#  m*m+*m*' 

Several  properties  o$  three  composite  dental  restorative  materials  were  deter¬ 
mined.  The  overall  behavior  of  two  mlcrofllled  materials  exhibiting  organic- 
inorganic  weight  ratios  in  excess  of  1.0  was  inferior  to  that  of  a  single- 
product  containing  significantly  less  organic  matter.  The  routine  clinical 
application  of  materials  of  the  former  type  as  alternative  to  composites  of 
more  conventional  composition  (inorganic  filler  content  >.70,  per  cent  by  weight) 
ia  not  warranted.  _  i 
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LABORATORY  OBSERVATIONS  ON  THE  BEHAVIOR  OF 


COMPOSITE  DENTAL  RESTORATIVES 

Over  the  past  ten  years,  composite  restoratives  have  been  used 
extensively  in  military  dental  practice  for  the  direct  and  esthetic 
restoration  of  anterior  teeth.  Conventional  composites,  for  the  most 
part,  consist  of  an  organic  (Bis-CMA  resin)  matrix  and  an  Inorganic 
(quartz,  borosll lcate,  barium  glass  or  strontium  glass)  filler.  The 
size  of  the  filler  particles  employed  In  the  formulation  of  most  avail¬ 
able  composites  ranges  from  5  to  100  Urn.  Recently,  however,  silica 
particles  of  colloidal  dimensions  (<1  Urn)  and  finely  powdered  resins 
have  been  used  as  filler  components  In  the  manufacture  of  so-called 
mlcrofilled  composites. 

The  present  laboratory  Investigation  was  conducted  to  build  a 
reliable  data  base  for  comparative  evaluation  of  conventional  and  micro- 
filled  composite  restoratives. 

Materials  and  Methods 

Composite  restoratives  bearing  trade  names  of  Isopast  Superfll* 
and  Profile  were  obtained  through  the  open  consserclsl  market. 


•  Mlcrofilled  composite:  Vlvadcnt,  Schaan,  Liechtenstein. 

♦  Mlcrofilled  coa^>oalte:  H.  J.  Bosworth  Co.,  Skokie,  IL  60076. 

#  Conventional  strontium  glass  containing  composite:  S.  S.  White 
Dental  Products  International ,  Philadelphia,  PA  19102. 


Proportioning  and  Mixing  of  the  two  paste  coaponents  of  each  material 
were  accomplished  as  directed  by  manufacturer's  Instructions.  The  resul¬ 
tant  mixtures  were  packed  Into  steel  molds  for  the  fabrication  of  test 
specimens.  Unless  Indicated  otherwise,  the  specimens  were  cured  for 
24  hours  at  37°C  and  100  per  cent  relative  humidity  prior  to  removal 
from  their  respective  molds  and  subjection  to  testing. 

Specimens  for  measureisenr  of  polyaerizat ion  shrinkage  and  compres¬ 
sive  strength  were  obtained  from  1/4  in  X  1/2  in  cylindrical  molds. 

Discs  of  1/4-lnch  diameter  and  1/16-ln  thickness  were  used  for  determina¬ 
tion  of  tensile  (diametral  compressive)  strength.  Cylindrical  1/4-ln  X 
1/4- in  pieces  were  made  for  assessment  of  thermal  behavior.  Polymerized 
4-gram  masses  of  Irregular  geometry  were  used  for  determination  of  the 
organic-inorganic  weight  ratio  of  each  test  product.  Specimens  prepared 
for  measurement  of  solubility  and  disintegration  and  water  sorption  con¬ 
sisted  of  1-ln  X  1/lb-in  discs. 

Volumes  of  24-hour  old  cylindrical  specimens  were  measured  by  water 
displacement  for  determlnat Ion  of  pol vmer lzat ion  (curing)  shrinkage. 
Shrinkage  was  calculated  as  a  percentage  of  the  known  volume  of  the  mold 
employed  In  specimen  preparation. 

Compressive  and  tensile  strengths  were  measured  on  a  constant  strain- 
rate  testing  machine*  at  a  crosshead  speed  of  0.02  In  per  minute.  Elastic 
limit  values  were  established  from  load  tracings  obtained  on  compression 
teat ing. 

$  Instron  Universal  Testing  Machine,  Instron  Corp.,  Canton,  HA  02021. 
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Dimensional  changes  Induced  by  heating  of  the  composites  over  a 
temperature  range  of  20  to  40°C  were  monitored  with  the  use  of  a 
thermal  mechanical  analyzer.*  Heating  of  the  test  pieces  was  accom¬ 
plished  at  a  nominal  rate  of  5°C  per  minute.  The  experimental  pro¬ 
cedure  was  further  tailored  to  yield  continuous  plots  of  temperature 
versus  linear  displacement  of  the  instrument's  quartz  probe.  The 
graphic  records  made  possible  the  derivation  of  linear  coefficients 
of  thermal  expansion. 

For  determination  of  organic-inorganic  weight  ratio,  cured  samples 
of  each  material  were  ashed  in  ceramic  crucibles  for  72  hours  at  430°C. 

The  crucibles  were  cooled  to  room  temperature  and  stored  In  a  desiccator 
over  silica  gel  until  constant  weight  of  the  residual  matter  was  attained. 
(>iant ltat lve  determination  of  the  total  volatile  (organic)  component  of 
each  product  was  based  on  weight  loss  resulting  from  pyrolysis. 

Water  sorption  as  well  as  solubility  and  disintegration  specimens 

were  cured  at  37°C  and  100  per  rent  relative  humidity  for  15  minutes 

prior  to  deflasklng.  The  deflasked  discs  were  dried  In  a  desiccator 

over  anhydrous  calcium  chloride  at  37°C  for  24  hours,  reserved  to  a 

similar  desiccator  at  23°C  for  1  hour,  and  then  weighed.  The  desiccation 

cycle  was  repeated  until  the  weight  loss  of  each  disc  was  not  greater 

than  0.5  mg  In  any  24-hour  period.  Measurement  of  water  sorption  was 

accomplished  as  prescribed  by  American  Dental  Association  Specification 

Mo.  27  for  Direct  Filling  Resins.*  Procedures  employed  In  determination 

of  solubility  and  disintegration  were  those  prescribed  by  American  Dental 

2 

Association  Sp-cif lcatlon  No.  9  for  Dental  Silicate  Cement. 


1  TMS-1 ,  The  Perkln-Elmer  Corp.,  Norwalk,  CT  06856 
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Results 


Data  from  the  laboratory  tests  are  summarized  In  the  table.  Mean 
values  for  strength  properties  and  linear  coefficient  of  thermal  expan¬ 
sion  are  baaed  on  a  minimum  of  six  measurements.  Other  tabular  data  are 
average  values  obtained  frost  duplicate  trials. 

Discussion 

The  laboratory  findings  reflect  a  potential  for  wide  variation  in 
the  clinical  performance  capabilities  of  proprietary  composite  restora¬ 
tives.  The  disparate  patterns  of  behavior  exhibited  by  Isopast  and 
Superfll  on  one  hand,  and  by  Profile  on  the  other  hand,  are  attributed 
to  extreme  compositional  differences.  The  relatively  high  polymer lzat Ion 
shrinkage,  water  sorption  and  thermal  expansion  of  Isopast  and  Superfll 

p 

are  manlf estat Ions  of  high  resin  content.  Conversely,  suppression  of 
the  aforementioned  properties  Is  accomplished  by  the  high  Inorganic 
filler  content  of  Profile. 

Although  the  ultimate  strengths  of  the  three  test  products  are 
comparable,  the  overall  mechanical  performance  potential  of  the  resin- 
rich  materials  (Isopast  and  Superfll)  is  compromised  by  severe  plastic 
deformation  which  accompanies  loading  In  the  compressive  and  tensile 
modes.  The  tendency  for  these  s^terlals  to  deform  plastically  (per¬ 
manently)  under  relatively  low  loads  Is  evidenced  by  exceedingly  low 
values  for  elastic  limit. 

Clinical  experience  has  indicated  that  Isopast  and  Superfll  res¬ 
torations  can  be  contoured,  surface-finished  and  polished  with  relative 
ease.  However,  the  advantage  afforded  by  apparent  smooth  surface  texture 


My  be  overshadowed  by  Che  Increased  probability  of  excessive  sorption 
of  oral  fluids  with  concomitant  swelling  and  discoloration,  continuous 
marginal  percolation  and  Inadequate  ability  to  withstand  masticatory 
forces. 

Summary  and  Conclusions 

Several  properties  of  three  composite  dental  restorative  staterlals 
were  determined.  The  overall  behavior  of  two  mlcrofllled  materials 
exhibiting  organic-inorganic  weight  ratios  In  excess  of  1.0  was  Inferior 
to  chat  of  a  single  product  containing  significantly  less  organic  matter. 
The  routine  clinical  application  of  materials  of  the  former  type  as 
alternatives  to  composites  of  more  conventional  composition  (Inorganic 
filler  content  270  per  cent  by  weight)  Is  not  warranted. 
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APPARENT 

PROPERTIES  OF 

COMPOSITE  RESTORATIVES 

Property 

Isopast 

Superf 11 

Profile 

Or ganlc- Inorganic 

Weight  Ratio 

1.70 

1.94 

0.28 

Compress  Ive 

Strength,  10-*  pel 

40.1  (8.3)* 

32.2  (6.4)* 

31.5  (2.4)* 

Elastic  Limit.  103  psl 

8.3  (0.51)' 

►  s 

7.7  (1.1) 

19.0  (0.7)* 

Tensile  Strength, 

103  psl 

4.2  (0.4)* 

4.5  (0.2)* 

4.7  (0.5 i* 

Polymerization 

Shrinkage,  t 

3.8 

1.3 

Nil 

Water  Sorption, 

■g/cm* 

1.40 

2.30 

0.50 

Solubility  and 
Disintegration,  t 

0.30 

0.20 

0.15 

Linear  Coefficient  of 
Thermal  Expansion 

(20-40*0.  10-6/  C° 

60.6  (2.8)* 

59.1  (4.5)* 

24.2  (0.4)* 

